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Abstract 

This study examined the impact of a recently revised science course that engaged 
preservice teachers in a scaffolded, student-directed inquiry unit on local streams. Upon 
the completion of the inquiry project, the teacher candidates in the stream study classes 
demonstrated significantly greater improvement in the personal science teaching efficacy 
(PSTE) beliefs than their peers did in the non-stream study classes. Furthermore, the 
paper reported how the prospective elementary teachers perceived their understandings 
of science and the instructional strategies related to the stream study unit. Implications 
and recommendations for future studies are also discussed. 

According to the most recent science education reform documents, improving 
students' understanding of science and scientific inquiry is critical for developing 
a scientifically literate society (American Association for the Advancement of 
Science [AAAS], 1993; National Research Council [NRC], 1996, 2000). Learning 
and teaching science as inquiry requires not only grasping scientific information, 
but also developing fundamental understandings and abilities to conduct scientific 
inquiry (NRC, 1996, 2000). In this article, we will investigate the effects of a recently 
revised science course that engaged the prospective teachers in a scaffolded, 
student-directed inquiry unit on local streams by examining whether the teacher 
candidates' personal science teaching efficacy (PSTE) beliefs were changed and 
how the prospective teachers perceived their understandings of science and the 
instructional strategies associated with the stream study unit. 

Background for the Study 

Learning and Teaching Science as Inquiry 

Scientific inquiry generally refers to the diverse ways in which scientists study the 
natural world. Thepublicationhigu/n/ and theNational Science Education Standards (NRC, 
2000) identified the following five essential features of classroom inquiry: (1) learners 
are engaged by scientifically oriented questions; (2) learners give priority to evidence 
in responding to questions; (3) learners formulate explanations from evidence to 
address scientifically oriented questions; (4) learners evaluate their explanations in 
light of alternative explanations, particularly those reflecting scientific understanding; 
and (5) learners communicate and justify their proposed explanations. 
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To further distinguish among various forms of classroom inquiry, science 
education researchers have also developed an inquiry continuum that classifies 
classroom inquiry into different levels from structured inquiry to open inquiry. 
Whereas the traditional confirmatory laboratory experiences, or cookbook 
labs, usually provide students with step-by-step procedures to verify known 
principles, in structured inquiry, the teacher presents a question, lab equipment, 
and procedures for students to complete the inquiry. Subsequently, students need 
to make conclusions based on their findings or results. At the second level of the 
inquiry continuum, known as guided inquiry, the teacher provides a question and 
lab equipment, while the students design the procedure, analyze data, and make 
conclusions. In student-directed inquiry, the third level, the teacher presents a topic 
and lets students develop their own questions and design their own investigations. 
The highest level of the inquiry continuum is referred to as open inquiry or student 
research inquiry. At this level, students select topics and investigate their own 
questions (e.g., Bonnstetter, 1998). 

To date, various studies have reported the positive effects that inquiry-oriented 
science learning and teaching have on preservice teachers' understanding of 
the nature of science, attitudes and beliefs about science learning and teaching, 
and their classroom teaching performance (e.g., Adamson et al., 2003; Haefner 
& Zembal-Saul, 2004; Haim, 2003; McGinnis, Kramer, Shama, Graeber, Parker, 
& Watanabe, 2002; Richardson & Liang, 2008; Slater, Safko, & Carpenter, 1999). 
However, the difficulties and limitations of inquiry teaching have also been 
reported (e.g., Dreyfus, Jungwirth, & Eliovitch, 1990; Riggs & Kimbrough, 2002). 
Studies suggest that successful inquiry teaching requires significant intellectual 
commitment on the part of the learners as well as deep cognitive engagement 
in the subject. Because of this, simply having learners conduct inquiry activities 
and/or scientific experiments is not sufficient in developing a fundamental 
understanding of science and scientific inquiry. 

The more recent research on learning and teaching has pointed to the 
importance of scaffolded inquiry (i.e., providing scaffolds or written instructional 
supports during student inquiry) and promoting learners' meta-cognitive awareness 
(i.e., deliberate, conscious control of cognitive activity) in developing lifelong 
learners (Krajcik, Blumenfeld, Marx, & Soloway, 2000; NRC, 1999, 2005). It has 
been reported that students who enrolled in inquiry-based science classes with 
metacognitive facilitation or a reflective assessment component outperformed their 
counterparts in similar classes without metacognitive facilitation. Furthermore, 
adding this metacognitive or reflective assessment process to science curriculum 
was particularly beneficial for conventional lower-achieving learners (e.g., Liang 
& Gabel, 2005; White & Frederiksen, 2000). 


Prospective Elementary Teachers' Beliefs About Learning and Teaching 
Science 

The connection between beliefs, learning, and teaching performance can 
be captured by the psychological construct of self-efficacy (Bandura, 1977). 
According to an exhaustive review of the literature on self-efficacy, the evidence 
across studies has consistently shown that an individual's perceived self-efficacy 
contributes significantly to the level of his or her motivation and performance 
accomplishments (Bandura, 1977, 1997). In his theory of social learning, Bandura 
(1977) outlined two components of self-efficacy: (1) personal efficacy and 
(2) outcome expectancy. Personal efficacy refers to the conviction that an individual 
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can successfully execute the behavior required to produce the desired outcome. 
An outcome expectancy is defined as an individual's estimate that a given behavior 
will lead to certain outcomes. An individual's personal efficacy beliefs can be 
fostered through personal mastery experiences, vicarious experiences of models, 
social persuasion from others, and stress reduction (Bandura, 1994). 

Previous research has revealed a relationship among the teachers' personal 
teaching efficacy, teaching outcome expectancy, and teaching performance. It was 
suggested that teachers with high self-efficacy showed a greater commitment 
to student achievement, had higher expectations for their students, and elicited 
greater student achievement (Ashton & Webb, 1986; Gibson & Dembo, 1984). 

Enochs and Riggs (1990) applied the concept of teaching efficacy to science 
teacher education and developed a valid and reliable instrument entitled the 
Science Teaching Efficacy Belief Instrument, Form B (STEBI-B). In the instrument, 
the PSTE was defined as an individual's belief about his or her own ability to teach 
science, while the science teaching outcome expectancy ( STOE ) refers to an individual's 
expectation that student learning can be influenced by effective science teaching. 
Due to the fact that many preservice elementary teachers had unsuccessful science 
learning experiences in school and therefore developed negative attitudes and 
low levels of confidence in learning and teaching science (Liang & Gabel, 2005; 
Young & Kellogg, 1993), there is a special need to foster the elementary teacher 
candidates' science teaching efficacy in the nation's teacher education programs. 

Since 1990, various studies have employed the STEBI-B to examine the effects 
of different interventions in enhancing the preservice elementary teachers' science 
teaching efficacy (e.g., Mulholland, Dorman, & Odgers, 2004; Palmer, 2006; Shroyer, 
1997; Tosun, 2000; Young & Kellogg, 1993). Enochs and his colleagues found that 
the preservice teachers' sense of PSTE was positively correlated with their choice of 
activity-based science instructional approaches and their perceived effectiveness in 
teaching science. They also found that the number of college science courses taken 
and the number of years of high school science taken were negatively correlated 
with the participants' PSTE, which indicates the inadequacy of traditional science 
instruction (Enochs, Scharmann, & Riggs, 1995). However, more recent research 
has shown that teachers who engaged in inquiry-based learning have an increased 
efficacy or belief in their ability to teach science and mathematics (Haim, 2003; 
Palmer, 2006; Richardson & Liang, 2008). 

Windschitl (2003) followed a group of preservice science teachers from their 
methods courses through their student teaching experiences. It was found that 
those who had more authentic views of inquiry and reflected more deeply 
about their projects in the methods course were not the ones who subsequently 
practiced inquiry in teaching. Rather, it was those who had extensive previous 
authentic science research experience who used either guided inquiry or open 
inquiry in their teaching. Finally, Windschitl advocated that independent science 
investigations be part of preservice education and that these experiences should 
be scaffolded to prompt reflection on the nature of inquiry and inquiry-based 
learning and teaching. 


Infusing Environmental Education Content into Teacher Preparation 
Programs 

In the State of Pennsylvania, Environment and Ecology (EE) academic 
standards (K-12) were established and officially adopted by the Pennsylvania 
Department of Education in 2002. According to the EE standards, all public 
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schools are now required to include the following contents in the science 
curricula: Watersheds and Wetlands; Renewable and Nonrenewable Resources; 
Environmental Health; Agriculture and Society; Integrated Pest Management; 
Ecosystems and Their Interactions; Threatened, Endangered, and Extinct Species; 
Humans and Environment; and Environmental Laws and Regulations. However, 
few Pennsylvania higher education institutions currently incorporate EE content 
and pedagogy in their teacher education programs. In a survey conducted by 
Mastrilli, Johnson, and McDonald (2001), it was reported that only 10% of the 
responding colleges and universities require a specific course in EE as part of their 
program. The most notable obstacles to the inclusion of EE content and pedagogy 
in preservice teacher education programs are the demands upon course time and 
faculty. One suggestion was that environmental education standards be integrated 
into existing coursework in a manner which does not significantly increase time 
demands and workloads or sacrifice the quality of the EE instruction. 

This study focuses on two aspects of our efforts to systematically infuse 
environmental education content into our teacher preparation programs. 
Specifically, the article examines whether the prospective elementary teachers' 
science teaching efficacy beliefs were changed as a result of a recently revised 
science course that engaged preservice teachers in a scaffolded, student-directed 
inquiry unit on local streams and how the prospective elementary teachers 
perceive their understandings of science and the instructional strategies related to 
the stream study unit. The two research questions addressed are as follows: 

1. To what extent does the implementation of the stream study unit influence the 
prospective teachers' science teaching efficacy beliefs? 

2. How do the prospective teachers perceive their understandings of science and 
the instructional strategies associated with the stream study unit? 

Methods 

In this study, a quasi-experimental design with a qualitative component was 
adopted to determine whether the implementation of the stream study unit 
influences the prospective teachers' science teaching efficacy beliefs and how these 
teacher candidates perceive their understandings of science and the instructional 
strategies associated with the stream study. The quantitative data were collected 
in both the stream study and non-stream study classes by using the STEBI-B 
(Enochs & Riggs, 1990). In addition, the teacher candidates' responses to five 
metacognitive questions embedded in the unit summaries on the stream study 
project were gathered and analyzed. This qualitative component would assist with 
the interpretation of the quantitative data analysis results and provide insights 
into further improvement of the design and the implementation of the inquiry 
study unit on local streams. 


Sample 

The study involved two instructors and 54 prospective elementary teachers who 
enrolled in four sections of an interdisciplinary science course at a small private 
university in the Mid-Atlantic area. The majority of participants (more than 90%) 
were sophomore, female, Caucasian students who had completed one science 
content course prior to the study. 
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Curriculum: Investigations in Mathematics and Science (IMS 161) 

Existing Curriculum 

IMS 161 is the second part of the yearlong science courses sequence required 
for the elementary and special education (ESE) majors. It was intended to provide 
opportunities for the preservice teachers to develop conceptual understanding, 
scientific inquiry skills, and confidence to teach elementary science. Throughout the 
course, students engaged in small collaborative inquiry groups and investigated 
such topics as physical and chemical properties of matter, floating and sinking, 
and behaviors of living things. Instructors facilitated both structured and guided 
inquiries through classroom-based experimentation, confronting students' 
alternative conceptions, questioning, discussions, and class presentations. Learners 
were given opportunities to ask scientifically oriented questions, develop models 
and formulate explanations using evidence, evaluate their explanations in light 
of alternative explanations, use mathematics and technology to solve problems, 
and communicate and justify their proposed explanations. At the conclusion of 
each unit, each student was required to write a unit summary, illustrating their 
understandings and reflecting upon what they had learned. The students were 
encouraged to apply their knowledge to a new problem or to explain everyday 
phenomena in relation to the concepts in the unit. 

In addition to the unit summaries, other traditional and nontraditional 
assessment tools were used throughout the course such as essays on science- 
related events in students' everyday lives, concept tests, inquiry projects, and class 
presentations. More information about the existing curriculum can be found in a 
previous article by the same authors (Richardson & Liang, 2008). 


The Stream Study Inquiry Project 

Between spring 2004 and spring 2005, two sections of the IMS 161 course 
implemented a seven-week-long stream study unit during the second half of 
the semester, while others continued using the existing IMS curriculum with a 
classroom-based, structured, and guided inquiry approach throughout the course. 
Informed by the science education research literature, the instructors implemented 
a modified version of the student-directed inquiry model in the stream study 
unit. Given the topic of local streams, the preservice teachers were encouraged 
to develop their own questions and design their own investigations. In addition, 
teacher scaffolding and metacognitive facilitation were provided throughout the 
inquiry project. The criteria and timeline of the student-directed inquiry project 
are presented in Figure 1. (See Figure 2 for a sample of the scaffolding questions.) 
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Figure 1. Stream Study Project: Criteria and Timeline 


Objectives: 

Students will be able to 

• plan, design, and implement an inquiry research project on stream study by using 
resources available (refer to WebCT). 

• measure physical-chemical properties of water by using appropriate instruments and 
apparatus available. 

• collect and describe the similarities and differences that characterize benthic 
macroinvertebrates. 

• analyze benthic macroinvertebrates as indicators of water quality. 

• present (both orally and in writing) and defend research results before peers/instructors. 

• evaluate peers' research results critically and professionally. 

Assessment: 

Research Agenda 20% Paper (group) 30% 

Presentation (group) 20% Unit Summary (individual) 30% 

Timeline: 

Week of the 

Semester Activities 

8 Identify and refine research question(s) via face-to-face and online 

discussion 

9 Literature review, refine research questions, and design investigation via 

face-to-face and online discussion 

1 1 Field work via face-to-face and online discussion 

12 Draft paper due 

• Title: Is the title appropriate in tone and structure to science journals? 

• Abstract: Does it clearly state the purpose of the research and 
summarize the main findings in 200 to 300 words? 

• Introduction: Does the introduction clearly identify the purpose of the 
research, include a literature review to provide background information, 
identify interested audience, and adopt an appropriate tone? 

• Methods: Is the research design consistent with the purpose or research 
question(s)? Does the section contain effective, quantifiable, and 
concisely organized information that allows the experiment/observation to 
be replicated? 

• Results: Are data properly analyzed and presented in tables and/or 
graphs with self-contained headings? 

• Conclusion and Implication: Are the conclusions drawn consistent 
with the data and scientific reasoning (avoiding overgeneralizing)? Are 
explanations of the expected results and suggestions for further research 
for unexpected results provided? 

• Scientific Format and Reference Section: Are all materials correctly 
presented and logically organized within each section? Is the reference 
section presented in a consistent/appropriate format suggested by an 
instructor? Are a wide variety of sources (at least five) cited? 

13 Presentation (organization, eye contact, delivery, and visuals) 

14 Final paper due 
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Figure 2. Sample Scaffolding Questions Posted on WebCT 


Asking Questions: 

• What do you know about streams? How do streams relate to our daily life? 

• What do scientists or experts say about streams? How does the quality of streams 
affect our daily life? 

• What questions or problems do you want to investigate? 

Gathering Information: 

• How would you identify relevant resources (bibliography) available for answering your 
questions? What is your list of resources? 

Designing and Planning Investigations: 

• How would you design an investigation to answer your question(s)? 

• What data would you collect? 

• How would you collect your data? How would you make sure that your investigation 
can be replicated by others? How would you know that your measures are reliable 
(repeatable)? 

• Is your plan realistic in terms of the availability of allocated time and resources? 

Carrying Out Investigations: 

• How would you make certain that you and your team members follow the plan of your 
investigation to ensure consistency and accuracy in measurements? 

Analyzing and Interpreting Data: 

• How would you analyze your data? 

• What patterns do you see based on your data analysis? 

• How would you interpret your data based on your own investigation and what you read 
during the “Gathering Information” phase? Any alternative interpretations? 

• What general conclusions can you make about your investigation? 

• What is the value for doing this investigation? 

• What new questions are generated from your research project? 


At the beginning of the stream study unit, each preservice teacher was assigned 
to a research team of four or five members with mixed levels of prior scientific 
understanding based on the course grade prior to the intervention. Information 
and selected resources related to the stream study project were provided to all 
participants using a Web-based course management tool called WebCT. Throughout 
the inquiry project, all team members were required to interact with one another 
in both face-to-face meetings and through the use of the WebCT group discussion 
tool. The instructor provided online feedback to students' work-in-progress and 
supplied scaffolding questions during different phases of the inquiry project 
(see Figure 2 for sample scaffolding questions). The following is an example of 
the exchanges between the student research team members and the instructor 
(pseudonyms are used): 
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Message no. 105 [Branch from no. 96] 

Posted by Kim (XXX) on Thursday, March 18, 2004, at 4:57 pm 
Subject: Hi Everyone 

Hey Everyone, I was thinking we could do a streamside biosurvey to research 
the different macroinvertebrates that live in our stream. I'm going to e-mail 
our instructor with this idea. We can always change it, but this way we at 
least have an idea sent to her because I think a research question was due by 
today. Talk to everyone soon! Bye, Kim 

Message no. 110 [Branch from no. 105] 

Posted by Instructor (XXX) on Thursday, March 18, 2004, at 10:48 pm 
Subject: Re: Research topic 

Your topic sounds good! Now your group members need to read some 
background information about macroinvertebrates (identification key can 
be found on your WebCT resource list). What questions will your group be 
investigating? What do you mean by "our stream" — are you referring to the 
one we visited on Wed.? Keep up your good discussion! Take care and see 
you in class. Instructor 

At the end of the project, each student described and explained what scientific 
knowledge he or she had learned throughout the project in the unit summary. 
To identify the strengths and the weaknesses associated with the design and the 
implementation of the stream study project and to help with interpretation of the 
quantitative data analysis results related to the science teaching efficacy beliefs, all 
students were also required to respond to the following metacognitive questions 
embedded in the unit summary: "What did you know about the topic before 
you began this project?"; "To what extent has the project helped enhance your 
understanding of scientific knowledge (rate your level of scientific understanding 
on a scale of 1 to 5)?"; "What strategy, procedure, or techniques did you use 
to assist you in understanding the material?"; "What strategy, procedure, or 
techniques were ineffective in your attempts to understand the material?"; and 
"In what situation(s) could you use the new knowledge in the future?" Finally, 
each group wrote a formal research paper and presented their research findings 
to the entire class. 


Data Collection 

Two major sources of data were collected to answer the following two research 
questions: (1) student responses to the metacognitive questions embedded in the 
unit summaries on stream study, and (2) student responses to the STEBI-B (Enochs 
& Riggs, 1990). The STEBI-B, an instrument consisting of 23 five-point Likert scale 
statements, was administered as pre- and posttests to both stream study and non- 
stream study classes at the beginning and the end of the spring semesters of 2004 
and 2005. 


Data Analysis 

To determine the impact of the intervention on the teacher candidates' science 
teaching efficacy beliefs, the Repeated Measures Analyses of Variance (ANOVA) 


58 


Journal of Elementary Science Education • Winter 2009 • 21(1) 



with between-subjects factors (SPSS 14.0) were adopted to analyze the scores 
as measured by the STEBI-B (Enochs & Riggs, 1990). The reliability coefficients 
(alpha) for the PSTE and the STOE subscales were 0.87 and 0.74, respectively. 

In order to discern how the students perceived their understandings of science 
and the instructional strategies related to the stream study, two researchers (both 
authors) independently conducted the content analysis of student responses to the 
metacognitive prompts in the unit summaries as described earlier (Borg & Gall, 
1989). The intercoder reliability for categorizing the first 19 student responses 
by the two coders was 0.98, which was calculated using the formula: r = no. of 
agreements /(total no. of agreements plus disagreements). Discrepancies were 
resolved through follow-up discussions. Then, the first author completed the 
categorization of the remaining student responses. Finally, the frequency of each 
category was counted, recorded, and tabulated. 

Results 

The results of the study are presented later to answer the following two research 
questions: (1) To what extent does the implementation of the stream study unit 
influence the prospective teachers' science teaching efficacy beliefs? and (2) How 
do the prospective teachers perceive their understandings of science and the 
instructional strategies associated with the stream study unit? 

In order to determine the impact of the intervention upon the teacher candidates' 
science teaching efficacy beliefs, the STEBI-B was administered to both stream and 
non-stream groups. A Repeated Measures ANOVA with between-subjects factors 
on the STEBI-B scores was performed to compare the pre- and posttest results 
within the stream study class as well as between the stream study and non-stream 
study class sections. Both the time factor and the interaction between the time 
factor and the treatment factor (time*group) were statistically significant (see 
Table 1). This indicates that the students' scores on the personal science teaching 
efficacy subscale improved significantly over the semester when considering the 
stream and non-stream study classes as a whole. Furthermore, the stream study 
classes demonstrated significantly greater gains on the personal science teaching 
efficacy subscale than their counterparts in the comparison group (see Table 2). No 
statistically significant differences were found within or between classes on the 
science teaching outcome expectancy subscale, however. 

When asked to describe those effective and/or ineffective strategies, procedures, 
or techniques used in their attempts to understand the material, the students 
reported the four most effective strategies and procedures: (1) the use of Internet 
resources and literature (68%), (2) a field trip (61%), (3) presentations by guest 
speakers (39%), and (4) group work (36%). The learners also reported some less 
effective or ineffective procedures such as reading scientific articles and literature 
(31%), performing the chemical tests without understanding science concepts 
(14%), that some parts of lectures given by guest speakers were far too advanced 
or boring (7%), and time constraints for group meetings (3%). 
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Table 1. Repeated Measures ANOVA for the Science Teaching Efficacy Belief 
Instrument 


Source 


df 

F 

Partial Eta 2 

PSTE 





Between Subjects 


53 



Group (stream vs. non-stream) 


1 

0.97 

0.02 

Error-between 


52 

(75.27) 


Within Subjects 


54 



Time (pre- and post-) 


1 

13.51** 

0.21 

Time x Group 


1 

7.23* 

0.12 

Error-within 


52 

(12.17) 


STOE 





Between Subjects 


53 



Group (stream vs. non-stream) 


1 

0.67 

0.01 

Error-between 


52 

(21.99) 


Within Subjects 


54 



Time (pre- and post-) 


1 

0.83 

0.02 

Time x Group 


1 

0.22 

0.00 

Error-within 


52 

(8.27) 


Note: Values enclosed in parentheses represent mean square errors. 


*p = 0.01 , two-tailed; **p < 0.01, two-tailed 




Table 2. Mean Scores on PSTE and STOE by Group 


Group PSTE Pretest 

PSTE Posttest 

STOE Pretest 

STOE Posttest 

(Class) n M SD 

M 

SD 

M SD 

M SD 

Stream 30 46.20 5.75 

50.50 

5.58 

34.67 3.54 

35.43 4.22 

Non-stream 24 49.67 7.29 

50.33 

7.98 

35.67 3.12 

35.92 4.53 


Note: Maximum possible PSTE score = 65.00; minimum possible PSTE score = 13.00; PSTE 
score for neutral or uncertain = 39.00; maximum possible STOE score = 50.00; minimum possible 
STOE score = 10.00; STOE score for neutral or uncertain = 30.00. To discern how the prospective 
teachers perceive their understandings of science and the instructional strategies related to the 
stream study unit, each individual’s responses to the metacognitive questions were examined. On 
a scale of 1 .0 (not at all) to 5.0 (thorough), all of the students but two rated their enhanced level of 
scientific understanding as 4.0 or 5.0. The remaining two students' self-ratings were 3.0, and the 
class average self-reported ratings of enhanced scientific understandings was 4.6. 

Finally, about 43% of the prospective teachers stated that the stream study 
unit improved their own knowledge and/or helped them apply what they 
learned to everyday life. In addition, when asked in what situation(s) they could 
use the new knowledge in the future, 97% of the prospective teachers made 
connections between the stream study unit and their future classroom teaching. 
The participants' responses to each metacognitive question are categorized and 
summarized in Table 3. 


60 


Journal of Elementary Science Education • Winter 2009 • 21(1) 





Class Average Score or 

Metacognitive Questions Categories of Responses 
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Conclusions and Discussions 

Implementation of the reform-based, inquiry-centered school science programs 
require new models of teacher professional development. The literature suggests 
that beginning teachers should be engaged in scientific inquiry in college science 
courses (Grandy & Duschl, 2005) . The findings of this study indicate that our revised 
science curriculum with a scaffolded and student-directed inquiry component 
was effective in improving preservice elementary teachers' PSTE beliefs. Aligned 
with the four main factors influencing an individual's personal efficacy beliefs as 
outlined by Bandura (1994), the following elements may have contributed to the 
prospective teachers' enhanced PSTE beliefs during the course of study: (1) mastery 
experiences, noted as the perceived high level of personal success; (2) vicarious 
experiences, which involved the use of group problem-solving and cooperative 
learning processes; (3) social persuasion, seen as the perceived cooperative and 
supportive learning community; and (4) stress reduction, in the form of a sense of 
meaningfulness, relevance, and enjoyment. Throughout the stream study project, 
preservice teachers exhibited high levels of interest and commitment to learning 
as observed by the course instructor. 

In our study, we also found a lack of positive change in the science teaching 
outcome expectancy among the prospective teachers upon their completion of 
the coursework. This is not surprising because these preservice teachers were 
sophomore-level students and they may have had few experiences as teachers. 
Therefore, their expectations may not have been fully realized and open to change. 
We consider our curriculum revision a success because we have effectively 
engaged teacher candidates in scientific inquiries relevant to their everyday lives 
and environment. As a result, we are likely to prepare teachers with both an 
improved understanding of the process of scientific inquiry and an awareness of 
environment-related issues, thus providing the prospective teachers with some 
tools for developing responsible and informed citizenship. 

Implications and Recommendations 

The findings of this study lend support to the integration of scaffolded, student- 
directed scientific investigations into the preservice teacher education as suggested 
by other colleagues in science teacher education (e.g., Windschitl, 2003). By 
engaging the preservice elementary teachers in scientific inquiry projects related 
to the real world in science content courses, the teacher candidates would have 
multiple opportunities to develop their understanding of science and scientific 
inquiry and, therefore, would be more likely to develop more positive attitudes 
toward science and become more confident and effective in teaching inquiry- 
oriented science to their future students. 

One limitation of the current study is that we did not have an ideal control group. 
Whereas both the stream study and the non-stream study classes completed one 
common unit on "properties of matter" with a similar guided inquiry approach, 
the other segments of the course contents or topics varied among instructors. 
Further studies with larger and more diverse samples, as well as improved 
controls, are needed. It is also recommended that follow-up studies be conducted 
on students' actual understandings of science content and scientific inquiry as well 
as actual teaching performances of those preservice teachers with similar inquiry 
experiences. 
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